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Abstract: Tension between the Standard Model (SM) and data concerning b → s
processes has become apparent. Most notoriously, concerning the RK ratio, which probes
lepton non-universality in b decays, and measurements involving the decays B → K∗µ+µ−
and Bs → φµ+µ−. Careful analysis of a wide range of b → s data shows that certain
kinds of new physics can significantly ameliorate agreement with experiment. Here, we
show that these b→ s anomalies can be naturally accommodated in the context of Natural
Scherk-Schwarz Theories of the Weak Scale – a class of models designed to address the
hierarchy problem. No extra states beyond those naturally present in the theory need to
be introduced in order to accommodate these anomalies, and the assumptions required
regarding flavor violating couplings are very mild. Moreover, the structure of these models
makes sharp predictions regarding B meson decays into final states including τ+τ− pairs,
which will provide a future test of this type of theories.
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1 Introduction
Hints of lepton non-universality in b-flavored meson decays have been reported by the
LHCb experiment. In particular, the ratio of the branching fractions B(B+ → K+µ+µ−)
to B(B+ → K+e+e−) has been measured to be [1]:
RK ≡ B(B
+ → K+µ+µ−)
B(B+ → K+e+e−) = 0.745
+0.090
−0.074 (stat)± 0.036 (syst) , (1.1)
which is 2.6σ deviations away from the Standard Model (SM) prediction RSMK = 1.00 ±
0.03 [2]. The measurement was performed for a dilepton invariant mass squared q2 in the
range 1 < q2/GeV2 < 6, and whereas B(B+ → K+e+e−) seems to be consistent with the
SM prediction, the B(B+ → K+µ+µ−) measurement falls below 1. This suggests that, if
new physics (NP) is indeed behind the RK anomaly, it should affect muons stronger than
electrons.
1In the 1 < q2/GeV2 < 6 region, LHCb has measured B(B+ → K+e+e−)[1,6] = (1.56+0.19 +0.06−0.15 −0.04)·10−7 [1]
and B(B+ → K+µ+µ−)[1,6] = (1.19± 0.03± 0.06) · 10−7 [3], whereas the SM prediction for these branching
fractions is 1.75+0.60−0.29 · 10−7 [4].
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Although from a theoretical point of view RK is one of the cleanest observables involv-
ing b→ s transitions that has been observed to deviate from the SM, it is by no means the
only one. A plethora of observables in b→ s decays have been measured, a number of which
seem to be in mild disagreement with the SM – most notably, the tension in B → K∗µ+µ−
angular observables [5], and the branching fractions of the decays B → K∗µ+µ− [3] and
B0s → φµ+µ− [6], which seem to fall below their SM predictions [7–10]. A careful consid-
eration of a large array of data involving b → s transitions was presented in [11], and NP
contributions to certain Wilson coefficients seem to improve the fit to data compared to
the SM.
In this article, we study the compatibility of these experimental anomalies with a well-
motivated class of models that address the electroweak hierarchy problem, those referred
to as Natural Scherk-Schwarz Theories of the Weak Scale [12, 13]. This class of models
solve the (little) hierarchy problem by combining supersymmetry (SUSY) and a flat extra
spatial dimension, compactified on an S1/Z2 orbifold and with a compactification scale 1/R
in the TeV range. In the version of this theory described in [12, 13], all gauge, Higgs, and
matter content are allowed to propagate in the extra-dimensional bulk, except the third
generation that remains localized on one of the 4-dimensional (4D) branes. In the bulk,
SUSY is broken non-locally by the Scherk-Schwarz mechanism (equivalent to breaking
by boundary conditions). The combination of the Scherk-Schwarz mechanism, and the
localization of the third generation on one of the branes, allows this type of theories to
feature a very low level of fine-tuning, compared with standard 4D SUSY models [14].
In this work, we consider a small modification of the set-up described above, which
consists in localizating the leptons of the second generation on one of the branes, together
with the third generation (see Fig. 1 for an illustration) 2. Although the original version of
the theory is supersymmetric, we will see that the success of these models in accommodat-
ing the RK anomaly is completely independent of SUSY, and only relies on the different
localization of the matter content in the extra-dimension. As a result of this different lo-
calization, the Kaluza-Klein (KK) excitations of the SM gauge bosons, the first of which
appear at scale 1/R, will couple non-universally to fermions. In particular, KK-modes of
the Z boson and the photon will couple maximally to µ+µ− (and τ+τ−) pairs, whereas
their couplings to e+e− pairs are naturally much more supressed. This effect, combined
with a certain amount of flavor violation present in the quark sector, allows this type of
scenarios to accommodate the observed deficit in the RK measurement, for values of 1/R
in the 3− 4 TeV range. Although we will focus on the RK measurement, we will see that
the contributions to the Wilson coefficients we require are such that other b→ s anomalies
are also ameliorated.
An interesting feature of this type of solutions to the RK anomaly is that other b-
flavored meson decays are sharply predicted to deviate from their SM predictions in a
correlated manner. In particular, the branching fractions for the processes B0s → µ+µ−,
B0s → τ+τ−, and B+ → K+τ+τ− should all fall below the corresponding SM prediction by
2Effective 5D theories similar to those in [12, 13] have been previously considered in the literature [15–
29], although the models of [12, 13] are the first of this kind to be compatible with all current experimental
constraints, and capable of accommodating a 125 GeV Higgs.
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4D orbifold brane4D orbifold brane 5D bulk
Gauge sector GSM
Higgs sector
1st gen. + 2nd gen. quarks
3rd gen. +
2nd gen. leptons
Figure 1. Schematic illustration of the set-up considered in this work. Gauge and Higgs sectors
propagate in the 5D bulk, together with the quarks of the second generation. The third generation,
and the leptons of the second one, remain localized on one of the 4D branes.
a factor ∼ RK . As a matter of fact, B(B0s → µ+µ−) has been measured to differ from its SM
expectation by a factor 0.77+0.20−0.17 (see Appendix B for details). Although the experimental
uncertainty is large, this measurement is certainly in the direction predicted by this kind
of theories, and future, more precise measurements will be a clean probe of the proposed
set-up. On the other hand, current experimental upper bounds on the branching fractions
of the decays B0s → τ+τ− and B+ → K+τ+τ− still lie around 4 orders of magntiude above
the SM predictions (see Table 2 and 3).
Although the class of models considered in this work sharply predict non-universality
between different generations of fermions, the extent to which extra flavor violation is
present remains largely arbitrary. From a technical point of view, flavor violation (beyond
that present in the SM) can be effectively turned-off by making the ‘right’ choices, but under
natural assumptions some degree of flavor violation is predicted. In the quark sector, its
presence is a requisite in order to accommodate the RK anomaly, with B
0
s −B0s oscillation
measurements providing the leading constraint. In the lepton sector, bounds on flavor
violating decays allows us to gain insight into the flavor structure of these theories, and we
will see that the decays τ → eµµ, τ → 3µ, and µ→ 3e provide the most stringent limits.
Alternative explanations of these b → s anomalies already present in the literature
include the presence of new spin-1 resonances (Z ′) [30–44], or models including lepto-
quarks [45–51]. Most of these scenarios need to assume the presence of extra states with
the only purpose of accommodating anomalous b → s measurements. An interesting ex-
ception is the work presented in [44], where a Randall-Sundrum set-up is considered and
no extra states are assumed to exist. Like in [44], the class of models we consider are
motivated by solving the electroweak hierarchy problem, and an explanation of the RK
anomaly is achieved as a result of interactions mediated by photon and Z boson KK-
modes, which couple non-universally to muons and electrons due to the different profile
of these fields along the extra dimension. However, the flat nature of the extra dimension
we consider leads to very different phenomenology. In our case, no modification of the Z
boson couplings to fermions arises, whereas in [44] this is a major constraint that sets the
lower bound on the first KK-mode mass. For us, the lower bound on the compactification
scale 1/R (and therefore on the mass of the first gauge boson KK-modes) is driven by
gluino bounds, which appear at scale 1/(2R) in this type of models. Moreover, the fact
that the third generation is also localized on the same brane as the muon sector leads to
– 3 –
sharp predictions involving B+ and B0s decays into τ final states that do not arise in [44].
The rest of the article is organised as follows. In Section 2 we review the basic mecha-
nism behind non-universal couplings in natural Scherk-Schwarz models. Section 3 performs
a detailed study of how the observed deficit in the RK measurement can be accommodated
in this kind of theories, and we study other correlated consequences. We consider lep-
ton flavor violating decays that might be induced in this context in Section 4, and derive
bounds on the parameters of the model. Our conclusions are presented in Section 5, and a
few appendices at the end contain the details of some of our calculations.
2 Flavor Structure of Natural Scherk-Schwarz
The presence of tree-level sources of flavor non-universality (and also flavor violation) stems
from the different localization of the different families in the extra dimension. To illustrate
this feature, we consider the couplings of leptons and down-type quarks to the photon field.
Starting from the 5D action, and after integrating over the extra dimension, we recover
a 4D lagrangian that explicitly shows how photon KK-modes couple non-universally to
the different fermion families and, under natural assumptions, also in a way that violates
flavor. The relevant terms in the 4D lagrangian read (using Dirac fermion notation)
Lγ,d(x) =
∫ piR
0
dy e5DA
5D
µ (x, y)Qd
∑
q=d,s
q5D(x, y)γµq5D(x, y) + δ(y) b(x)γµb(x)

Lγ,e(x) =
∫ piR
0
dy e5DA
5D
µ (x, y)Qe
e5D(x, y)γµe5D(x, y) + δ(y) ∑
l=µ,τ
l(x)γµl(x)
 ,
(2.1)
for the couplings of the photon field to down-type quarks and charged leptons respectively.
Here, e5D = |e5D| refers to the 5D electromagnetic coupling, so that e = e5D/
√
piR, and
Qd = −1/3, Qe = −1. The 5D fields A5Dµ and ψ5D (for ψ = e, d, s) may be decomposed as
φ5D(x, y) =
∞∑
n=0
φ5D(n)(x) cos
ny
R
=
1√
piR
φ(0)(x) +
√
2
piR
∞∑
n=1
φ(n)(x) cos
ny
R
(φ = Aµ, e, d, s) ,
(2.2)
where φ(n) corresponds to the n-th KK-mode of the corresponding field (appropriately 4D
normalized), and the 0-modes are to be identified with the corresponding SM particles.
Retaining only those terms in Eq.(2.1) that involve fermion 0-modes, we find (suppressing
the x dependence)
L(0)γ,d = eQdAµ(qdγµqd) +
√
2eQd
( ∞∑
n=1
A(n)µ
)
(qdγµAdq
d)
L(0)γ,e = eQeAµ(leγµle) +
√
2eQe
( ∞∑
n=1
A(n)µ
)
(l
e
γµAel
e) ,
(2.3)
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where Aµ ≡ A(0)µ , qd ≡ (d, s, b)T and le ≡ (e, µ, τ)T , with d ≡ d(0), s ≡ s(0), and e ≡
e(0). The matrices Ad and Ae encode the flavor structure of the photon n 6= 0 KK-mode
interactions, and read
Ad =
0 0 00 0 0
0 0 1
 and Ae =
0 0 00 1 0
0 0 1
 . (2.4)
Eq.(2.3) and (2.4) explicitly show how the 0-mode of the neutral gauge boson (in this
example, the SM photon) couples universally to all three generations, whereas heavier KK-
modes do not. In particular, in this gauge-eigenbasis the non-zero KK-modes of gauge
bosons couple to fermion fields in a way that is flavor diagonal but not flavor universal.
So far, we have worked within the flavor-eigenbasis of quarks and leptons. However,
to work with the physical fermion basis requires rotating the left-handed (LH) and right-
handed (RH) matter fields by 3 × 3 unitary matrices, e.g. qdJ → RdJqdJ (J = L,R) for
down-type quarks. Under these rotations, interactions between the photon 0-mode and
SM fermions remain unchanged, but those involving higher KK-excitations are modified.
For instance, for down type quarks:
qdγµAdq
d → qdLγµ(Rd†L AdRdL)qdL + qdRγµ(Rd†RAdRdR)qdR . (2.5)
Thus, if we define
BdJ ≡ Rd†J AdRdJ and BeJ ≡ Re†J AeReJ (for J = L,R) , (2.6)
the couplings of photon KK-modes to fermion mass-eigenstates now read
L(0)γ,d = eQdAµ(qdγµqd) +
√
2eQd
( ∞∑
n=1
A(n)µ
)
(qdLγ
µBdLq
d
L + q
d
Rγ
µBdRq
d
R)
L(0)γ,e = eQeAµ(leγµle) +
√
2eQe
( ∞∑
n=1
A(n)µ
)
(l
e
Lγ
µBeLl
e
L + l
e
Rγ
µBeRl
e
R) .
(2.7)
Notice that although the SM photon couples equally to LH and RH fermions, this is not
true of its higher modes – different rotation matrices for the LH and RH fermions will lead
to different couplings.
At this point, it is illuminating to look at the structure of the BfJ matrices as a function
of the entries of the different rotation matrices, which can be written as (suppressing
J = L,R indices for clarity):
Bd =
 |R31|2 R∗31R32 R∗31R33R∗32R31 |R32|2 R∗32R33
R∗33R31 R∗33R32 |R33|2
 ∼
2d 2d d2d 2d d
d d 1
 (2.8)
and
Be =
1− |R11|2 −R∗11R12 −R∗11R13−R∗12R11 1− |R12|2 R∗12R13
−R∗13R11 −R∗13R12 1− |R13|2
 ∼
e e ee 1 2e
e 
2
e 1
 , (2.9)
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where in the last step we have assumed that the rotation matrices have a hierarchical
structure, with diagonal terms being O(1) and off-diagonal terms suppressed by a factor
d (e) for down-type quarks (leptons)
3. This illustrates how, in this class of models,
flavor non-universal effects are dominant compared to flavor violating ones. At the same
time, flavor violation between down-type quarks of the first and second generations is
suppressed compared to flavor violation between the third generation and the rest. On
the other hand, in the lepton sector, flavor violation between electrons and muons/taus
dominates compared to that between muons and taus. These two features are crucial in
order to accommodate the RK anomaly, while remaining consistent with constraints from
kaon mixing (see [52] for a detailed study in this context) and the decay τ → 3µ 4.
Although we have shown the appearance of tree-level non-universal, and flavor chang-
ing, neutral currents with the example of the photon field and its couplings to down-type
quarks and leptons, the same is true of all other neutral gauge bosons (Z and gluons). W±
gauge boson KK-modes also lead to charged tree-level non-universal and flavor changing
currents, but these will not be relevant for the present work.
Finally, we emphasize that the tree-level sources of flavor non-universality and flavor
violation discussed in this section are the dominant contribution to this type of processes,
despite the underlying supersymmetric nature of the models we consider. The reason
why flavor changing interactions involving SUSY particles are subleading has to do with
the absence of a SUSY flavor problem in natural Scherk-Schwarz theories. In particular,
the fact that soft masses for the first and second generation squarks are dominantly flavor
diagonal, and the presence of a U(1)R symmetry that forbids A-terms and Majorana masses
for gauginos and higgsinos, vastly ameliorates the flavor situation compared to most 4D
SUSY models. For a detailed study of flavor physics (structure and constraints) in the
context of natural Scherk-Schwarz scenarios, we refer the reader to [52], and to [12, 13] for
further details on the overall structure and phenomenology.
3 RK and Correlated Effects
3.1 Formalism
The relevant set of effective operators for the study of the B+ → K+l+l− decay are
Oll7 =
mb
e
(bσµνPLs)F
µν O′ll7 =
mb
e
(bσµνPRs)F
µν
Oll9 = (bγνPLs)(lγν l) O′ll9 = (bγνPRs)(lγν l)
Oll10 = (bγνPLs)(lγνγ5l) O′ll10 = (bγνPRs)(lγνγ5l) ,
(3.1)
3The left-hand side of Eq.(2.8) is meant to merely illustrate how a suppression of the off-diagonal terms
in the BdJ matrices arises if the corresponding rotation matrices R
d
J have a hierarchical structure. The
actual level of suppression between different flavor violating couplings in BdL can only be specified in a given
model where both RdL and R
u
L are known, and subject to the constraint R
u†
L R
d
L = V (with V being the
CKM matrix). Such level of specification is unecessary to the present work.
4In fact, it is possible to accommodate the b→ s anomalies in scenarios where only the third generation
is brane localized. In such a set-up, however, the prediciton for B(τ → 3µ) is well above the current
experimental upper bound. Localizing the leptons of the second generation also on the brane alleviates this
problem, as discussed in Sec. 4.2.
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where PL,R = (1∓ γ5)/2. The effective hamiltonian can then be written as
Heff = −4GF√
2
α
4pi
(V ∗tbVts)
∑
i=7,9,10
{
C lli Olli + C ′lli O′lli
}
, (3.2)
where C
(′)ll
i = C
(′)
i,SM+C
(′)ll
i,NP. In the SM: C9,SM ≈ 4.23, C10,SM ≈ −4.41, C7,SM ≈ −0.32 [53],
and C ′7,SM = C
′
9,SM = C
′
10,SM = 0. Integrating out photon and Z boson KK-modes, the
following non-zero Wilson coefficients are generated
Cµµ9,NP ' −
8pi4
3
v2
(1/R)2
BdL32
V ∗tbVts
(SLLB
e
L22 + SLRB
e
R22)
C
′µµ
9,NP ' −
8pi4
3
v2
(1/R)2
BdR32
V ∗tbVts
(SRLB
e
L22 + SRRB
e
R22)
Cµµ10,NP ' −
8pi4
3
v2
(1/R)2
BdL32
V ∗tbVts
(−SLLBeL22 + SLRBeR22)
C
′µµ
10,NP ' −
8pi4
3
v2
(1/R)2
BdR32
V ∗tbVts
(−SRLBeL22 + SRRBeR22) ,
(3.3)
where v ' 246 GeV, SIJ = 4αdIαeJ/ sin2 2θw + QdQe (for I, J = L,R), and αfL = −1/2 −
Qf sin
2 θw, α
f
R = −Qf sin2 θw, with Qd = −1/3 and Qe = −1. 5 (Wilson coefficients
relevant to the operators involving electrons rather than muons are the same as those
in Eq.(3.3) after performing the obvious substitution BeJ22 → BeJ11.) Notice no C(′)µµ7,NP
are generated, and since |C7,SM/C9,SM| ∼ 0.07, we will neglect the effect of C7,SM in the
following. The prediction for RK is then approximately given by
RK '
|C9,SM + Cµµ9,NP + C
′µµ
9,NP|2 + |C10,SM + Cµµ10,NP + C
′µµ
10,NP|2
|C9,SM + Cee9,NP + C ′ee9,NP|2 + |C10,SM + Cee10,NP + C ′ee10,NP|2
(3.4)
Theoretical analyses regarding b → sl+l− processes (including the RK measurement
discussed here) suggest that the best fit to data is achieved if new non-zero contributions
are present for those Wilson coefficients that involve muons rather than electrons, and
those scenarios in which only Cµµ9,NP 6= 0, only Cµµ10,NP 6= 0, or Cµµ9,NP = −Cµµ10,NP 6= 0 seem to
be preferred [11, 54]. In our set-up, Wilson coefficients of the effective operators involving
electrons are expected to be much smaller than those involving muons, due to the natural
supression in the BeJ11 couplings compared to B
e
J22 ≈ 1 (see Eq.(2.9)), and so we neglect
the effects of the former in what follows. Realizing a scenario in which only one of the
Wilson coefficients is non-zero is not possible in our set-up (in the absence of barroque
arrangements), but the scenario where Cµµ9,NP ∼ −Cµµ10,NP is naturally realized taking into
account that one expects BeJ22 ≈ 1 (for both J = L,R), and observing the hierarchy
|SLR|/|SLL| ∼ 0.2. For simplicity in performing our analysis, in this work we will make the
assumption that |BdR32|  |BdL32|, which allows us to neglect the coefficients C
′µµ
i,NP in favor
5Numerically: SLL ' 0.97, SLR ' −0.22, SRL ' 0.22 and SRR ' 0.43.
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of Cµµi,NP (i = 9, 10)
6. Only three parameters are then left in order to accommodate the RK
anomaly: the compactification scale 1/R, and the magnitude and phase of the coupling
BdL32. We find it is convenient to parametrise B
d
L32 as
BdL32 ≡ V ∗tbVts
|BdL32|
|V ∗tbVts|
eiδ , (3.5)
such that δ 6= 0 corresponds to a non-zero phase relative to the SM amplitude for the
b→ sl+l− process that underlies the B+ → K+l+l− decay. The relevant Wilson coefficients
therefore simplify to
Cµµ9,NP ' −0.7
(
3 TeV
1/R
)2 |BdL32|
0.5 · |V ∗tbVts|
eiδ C
′µµ
9,NP ' 0
Cµµ10,NP ' +1.0
(
3 TeV
1/R
)2 |BdL32|
0.5 · |V ∗tbVts|
eiδ C
′µµ
10,NP ' 0 ,
(3.6)
and Eq.(3.4) then reduces to
RK '
|C9,SM + Cµµ9,NP|2 + |C10,SM + Cµµ10,NP|2
|C9,SM|2 + |C10,SM|2 (3.7)
Since |Ci,SM + Cµµi,NP|2 = |Ci,SM|2 + |Cµµi,NP|2 − 2|Ci,SM||Cµµi,NP| cos δ (for i = 9, 10), it
is clear that a decrease in RK compared to the SM prediction can only be achieved for
δ ⊂ (−pi/2, pi/2), and so we only consider values of δ within this range in what follows.
3.2 Results
In the context of natural Scherk-Schwarz theories, a low level of fine-tuning in the elec-
troweak sector is achieved for a compactification scale 1/R of a few TeV. Lower bounds on
1/R stem from different sources, but mainly from gluino searches (gluinos are predicted
to have masses of size 1/(2R)), and Z ′ searches (in our case, the lowest lying Z ′ would
be the first KK-mode of the Z gauge boson). Regarding the former, the unsual spectrum
of this kind of theories makes it difficult to translate current experimental bounds to our
particular scenario (see [12, 13] for details on the spectrum and phenomenology of these
models). However, current bounds suggest that a gluino mass mg˜ ≈ 1.5 TeV is very likely
to be allowed in our case, setting a conservative lower bound on 1/R of around 3 TeV 7.
6Although the assumption |BdR32|  |BdL32| appears unjustified, we remind the reader that the aim of this
work is not to achieve a full explanation of the LHCb anomalies, but rather to assess whether it is possible
to accommodate them in the framework of the class of theories described in [12, 13]. A real explanation
of this assumption would require a full model that specifies the structure of RH and LH rotation matrices
in the quark sector, something which is beyond the scope of this work, albeit we note that allowing bR to
propagate in the bulk would achieve such suppression.
7Part of the reason why standard experimental constraints on stops and gluino masses do not straight-
forwardly apply to natural Scherk-Schwarz models is that stops feature a three-body decay process with
several invisible particles in the final state, which is known to significantly weaken constraints [55]. Gluinos,
being much heavier than stops, typically decay to a top-stop pair, the stop then decaying. Moreover, a
compressed sparticle spectrum is typically expected in the context of natural Scherk-Schwarz, which would
further weaken experimental limits [56].
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Regarding Z ′ searches, bounds are very stringent if the couplings of the Z ′ are the same
as those of the Z – according to [57], the lower bound on the Z ′ mass may be as high as
∼ 4 TeV. In our case, couplings of the lightest Z KK-mode to first and second generation
quarks are constrained to be very suppressed due to kaon mixing measurements (see [52],
where this issue was discussed in detail), and the production of this Z ′ state in proton-
proton collisions is largely due to annihilation of bb pairs. However, for proton collisions
at the centre of mass energy relevant for the LHC (i.e.
√
s ≈ 14 TeV), and for a parton
momentum fraction x ≈ 0.2 (the typical value for production of a 3 − 4 TeV resonance),
the parton-parton luminosities of bb pairs compared to that of light quarks are smaller by
a factor of 10−3 (see e.g. Figure 8.(a) in [58]). As a result, even though the coupling of
the lightest KK-mode to bb pairs is enhanced by a factor of
√
2, the total production cross
section compared to that of a Z ′ with the same couplings as those of the SM Z is smaller
by a factor ∼ 10−3. Thus, even allowing for an O(1) increase in B(Z ′ → µ+µ−) compared
to the SM case, the decrease in the production cross section is so large that a Z ′ as light
as 1.5 TeV seems consistent with current limits – well below the range of masses that we
consider.
Once we choose 1/R to be in the TeV scale, the range motivated by naturalness, the
only two parameters left to accommodate the RK anomaly are the magnitude of the B
d
L32
coupling, and the relative phase δ = arg(BdL32) − arg(V ∗tbVts). In Figure 2 we show the
region of parameter space (in the |BdL32| − δ plane) that allows the measured RK deficit
to be accommodated, for 1/R = 3, 4 TeV. The main constraints on both |BdL32| and
δ arise from measurements regarding B0s − B0s oscillations, represented in the figure by
the pink and orange dashed regions respectively (see Appendix A for details regarding
these constraints). As can be appreciated, some region of parameter space consistent with
B0s − B0s measurements remains that can accommodate the RK anomaly, in particular in
the 1/R = 3 TeV case, with the 1/R = 4 TeV scenario only allowing marginal agreement
at the 1σ level. Figure 3 shows the predicted value of RK for 1/R = 3, 4 TeV for the
particular choice δ = −pi/4, for which the constraints on |BdL32| are weakest.
The NP contributions to the Wilson coefficients of Eq.(3.3) have further consequences
than simply altering the RK ratio, and it is crucial to notice that the sizes of C
µµ
9,NP and
Cµµ10,NP that we require to accommodate the RK anomaly are also in the region preferred by
other b → s measurements [11, 54]. For instance, a second process described by the same
set of effective operators is the decay B0s → µ+µ−, whose branching fraction is predicted
to differ from its SM value by a factor Rsµµ given by
Rsµµ ≡
B(B0s → µ+µ−)
B(B0s → µ+µ−)SM
' |C10,SM + C
µµ
10,NP − C ′µµ10,NP|2
|C10,SM|2 '
|C10,SM + Cµµ10,NP|2
|C10,SM|2 , (3.8)
where in the last step we have neglected the contribution from C ′µµ10,NP, as discussed in
Section 3.1. Given that C10,SM ∼ −C9,SM, and Cµµ10,NP ∼ −Cµµ9,NP, it becomes obvious by
comparing Eq.(3.8) and Eq.(3.7) that Rsµµ ∼ RK : accommodating the RK anomaly nec-
essarily implies that the value of B(B0s → µ+µ−) should deviate from its SM prediction
by a factor Rsµµ which is of the same size as RK . The current exprimental measurement
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Figure 2. The blue area corresponds to the region of parameter space where the predicted value
of RK falls within the 1σ region allowed by the LHCb measurement, with the dashed gray line
corresponding to the central value RK = 0.745. The area shaded with pink diagonal lines is ruled
out by ∆Ms measurements, whereas the area shaded with orange horizontal lines is ruled out by
measurements on the CP asymmetry in the B0s − B
0
s system (see Appendix A for details). The
compactification scale is 1/R = 4 TeV and 3 TeV in the left and right plots respectively.
of B(B0s → µ+µ−) constrains this ratio to be Rsµµ = 0.77+0.20−0.17 (see Appendix B for de-
tails), which certainly agrees with our prediction Rsµµ ∼ RK , although admittedly the
experimental uncertainty in the B(B0s → µ+µ−) measurement is currently too large for
strong statements to be made. A more precise determination of the B0s → µ+µ− branching
fraction, and its correlation with the measured value of RK , will provide a test of these
scenarios.
Regarding τ+τ− final states, the decays B0s → τ+τ− and B+ → K+τ+τ− are described
by the same operators of Eq.(3.1) after performing the obvious substitution µ → τ . The
NP contributions to their Wilson coefficients, C
(′)ττ
i,NP (i = 9, 10), are those of Eq.(3.3) after
substituting BeJ22 → BeJ33. However, the structure of the theory is such that BeJ22 ' BeJ33 '
1 (see Eq.(2.9)), which implies Cττi,NP ' Cµµi,NP, and C ′ττi,NP ' C ′µµi,NP (i = 9, 10). As a result,
the branching fractions for the decays B0s → τ+τ− and B+ → K+τ+τ− are also predicted
to deviate from their SM values by a factor similar to RK . At the moment, only an upper
bound on the branching fraction of these two decays exist, which is of O(10−3) [59, 60],
whereas the SM predicts a branching fraction of O(10−6) and O(10−7) for B0s → τ+τ− and
B+ → K+τ+τ− respectively [61, 62] (see Table 2 and 3). No information can therefore be
extracted from these two decay modes at the moment, but future measurements will be a
key probe of these theories.
Finally, regarding the B0s → e+e− decay channel, due to the naturally small coupling
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Figure 3. The continuous black line represents the predicted value of RK as a function of |BdL,32|
for δ = −pi/4. The blue area corresponds to those values of RK within the 1σ region allowed by
the LHCb measurement, with the horizontal gray dashed line corresponding to the central value
RK = 0.745. Vertical dashed lines correspond to constant values of the ratio B(B0s → µ+µ−) to
its prediction in the SM, as indicated by the numbers, and the regions dashed with thin gray lines
fall beyond the 1σ band allowed for this ratio (see Appendix B for details). Regions dashed with
pink and orange lines are ruled out by measurements on the B0s − B
0
s system, as described in the
caption of Fig. 2. The compactification scale is 1/R = 4 TeV and 3 TeV in the left and right plots
respectively.
between Z and photon KK-modes to first generation leptons, no significant deviation of
this branching fraction compared to the SM prediction is expected, in the same way that
B(B+ → K+e+e−) ' B(B+ → K+e+e−)SM is predicted in these models. Only a weak
upper bound currently exist for B(B0s → e+e−) of O(10−7) [63] – roughly six orders of
magnitude above the SM prediction [61] (see Table 2).
4 Lepton Flavor Violating Decays
Lepton flavor violating couplings of the Z and photon KK-modes are encoded in the off-
diagonal elements of the BeJ matrices. Given the structure of the models considered in this
work (different localization of the first generation leptons compared to those of the second
and third families), the processes that can best constrain these flavor violating couplings
are the decays τ → eµµ, τ → 3µ, and µ → 3e 8. In this section, we discuss how current
upper bounds affect the flavor structure of natural Scherk-Schwarz models in the lepton
sector.
8Details regarding the exact expressions for these branching fractions are contained in Appendix C.
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4.1 τ → e
Regarding the τ → eµµ decay, we find
B(τ− → e−µµ) ≈ 4 · 10−6
(
3 TeV
1/R
)4
|Be13|2 , (4.1)
where in the last step we have used the fact that |BeJ22| ' 1 (for J = L,R), and we have set
BeL13 = B
e
R13 ≡ Be13 for simplicity. The current experimental upper bound on this decay
is B(τ− → e−µµ) < 2.7 · 10−8 [64], which imposes a mild constraint |Be13| . 0.08 (0.14)
for 1/R = 3 (4) TeV. Given that |Be13| = |Re11||Re13| ≈ |Re13| for |Re11| ≈ 1, this translates
directly into a constraint on |Re13| of the same size.
With this upper bound on the size of |BeJ13| = |BeJ31|, and the values of |BdL32| necessary
to fit the RK and other b → s anomalies, an upper bound on the predicted branching
fraction of two other processes can be computed: the decays B0s → τ∓e± and B+ →
K+τ∓e±. These are given by
B(B0s → τ∓e±) ≈ 2 · 10−10
(
3 TeV
1/R
)4( |Be31|
0.08
)2( |BdL32|
0.5|V ∗tbVts|
)2
(4.2)
B(B+ → K+τ∓e±) ≈ 5 · 10−11
(
3 TeV
1/R
)4( |Be31|
0.08
)2( |BdL32|
0.5|V ∗tbVts|
)2
. (4.3)
Both branching fractions lie very far below current experimental upper bounds (see Table 2
and 3).
4.2 τ → µ
Regarding the decay channel τ → 3µ, we find the following branching fraction
B(τ → 3µ) ≈ 1 · 10−5
(
3 TeV
1/R
)4
|Be23|2 , (4.4)
where we have taken into account the fact that |BeJ22| ' 1 (for J = L,R), and we have set
BeL23 = B
e
R23 ≡ Be23 for simplicity. The current experimental upper bound on this decay
is B(τ → 3µ) < 2.1 · 10−8 [64], which imposes a constraint |Be23| = |Be32| . 0.04 (0.07) for
1/R = 3 (4) TeV. Given that |Be23| = |Re12||Re13|, if |Re12| ∼ |Re13| then the constraint on
|Be23| translates into a mild upper bound |Re12|, |Re13| . 0.20 (0.26).
With this upper limit on the size of |Be23| = |Be32|, and the values of |BdL32| necessary
to fit the RK anomaly, an upper bound on the predicted branching fraction for the decays
B0s → τ∓µ± and B+ → K+τ∓µ± can be set:
B(B0s → τ∓µ±) ≈ 6 · 10−11
(
3 TeV
1/R
)4( |Be32|
0.04
)2( |BdL32|
0.5|V ∗tbVts|
)2
(4.5)
B(B+ → K+τ∓µ±) ≈ 1 · 10−11
(
3 TeV
1/R
)4( |Be32|
0.04
)2( |BdL32|
0.5|V ∗tbVts|
)2
. (4.6)
Again, both values are well below current constraints (see Table 2 and 3).
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4.3 µ→ e
Finally, we consider the decay µ→ 3e, whose branching fraction we find to be
B(µ→ 3e) ≈ 7.8 · 10−13
(
3 TeV
1/R
)4( |Be11Be12|
10−4
)2
, (4.7)
again assuming BeL11 = B
e
R11 ≡ Be11, and BeL12 = BeR12 ≡ Be12 for simplicity. The very
stringent experimental upper bound on this branching fraction, ∼ 1.0 · 10−12 [65], imposes
a constraint |Be11Be12| . 10−4 (2 · 10−4) for 1/R = 3, (4) TeV. Taking into account that
Be11 = 1− |Re11|2, |Be12| = |Re11||Re12|, and that we expect Re11 ≈ 1, constraints are satisfied,
for instance, for |Re11| ≈ 0.99 and |Re12| ≈ 0.005, so that |Be11| ≈ 0.02 and |Be12| ≈ 0.005. The
fact that, as we take |Re11| → 1, the prediction for B(µ→ 3e) vanishes, makes it imposible
to put an absolute bound on the size of Be12. However, it is clear that this process imposes
non-trivial constraints on the flavor structure of these models, and future measurements
performed by the Mu3e experiment will shed even more light in this direction, since their
expected sensitivity is as low as 10−16 [66].
Other processes involving µ−e flavor changing interactions are the decays B0s → µ∓e±
and B+ → K+µ∓e±. The existing experimental upper bounds do not impose any non-
trivial constraint on the size of the |Be21| = |Be12| coupling, and in general we expect this
branching fractions to be well below current limits (see Table 2 and 3):
B(B0s → µ∓e±) ≈ 1.6 · 10−12
(
3 TeV
1/R
)4( |Be21|
0.1
)2( |BdL32|
0.5|V ∗tbVts|
)2
(4.8)
B(B+ → K+µ∓e±) ≈ 8.7 · 10−11
(
3 TeV
1/R
)4( |Be21|
0.1
)2( |BdL32|
0.5|V ∗tbVts|
)2
(4.9)
5 Conclusions
The very particular structure of the SM regarding flavor violation makes b-flavored meson
decays a particularly promising ground in the quest for NP. Of particular interest is the
RK ≡ B(B+ → K+µ+µ−)/B(B+ → K+e+e−) ratio, which has been measured to differ
by a factor of ≈ 0.75 from its SM prediction. Although the current significance of this
discrepancy is only at the 2.6σ level, future measurements could provide clear evidence for
NP if this deficit persists. Moreover, other measurements concerning b→ s transitions have
also shown some level of disagreement with the SM, in particular angular observables of
the decay B → K∗µ+µ− [5], and the branching fractions of the processes B → K∗µ+µ− [3]
and B0s → φµ+µ− [6]. Careful consideration of a comprehensive array of b→ s data seems
to prefer NP versus the SM alone [11].
In this work, we have studied these anomalies in the context of natural Scherk-Schwarz
models [12, 13] – a class of theories that address the hierarchy problem combining SUSY
with a flat extra dimension. We have seen that b → s anomalies can be successfully
accommodated in this context, for a compactification scale 1/R = 3 − 4 TeV, which is
the range preferred by naturalness. The success of these models in accounting for the
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observed discrepancies in b→ s physics is intrinsically linked to the localization of the third
generation on one of the 4D branes – a structure motivated by naturalness considerations.
In fact, localizing only the third generation on one of the branes would be enough to
accommodate the observed effects, but strong experimental constraints on the decay τ →
3µ rule out this possibility. Instead, localizing the muon sector together with the third
generation allows us to evade constraints from lepton flavor violating observables, while
retaining the success of accommodating b→ s anomalies.
We have seen that, in the region of parameter space preferred by RK and other b→ s
measurements, other observables are also sharply predicted to deviate from its SM values.
Of particular interest is the decay B0s → µ+µ−, whose branching ratio has been measured to
be smaller than its SM prediction by a factor ≈ 0.77. In the natural Scherk-Schwarz models
we discuss, this supression factor is predicted to be similar to RK ≈ 0.75 – certainly in
agreement with observations. More precise measurements of B(B0s → µ+µ−) will provide
a key test of these models. Similarly, given the structure of these theories, branching
fractions of the decays B0s → τ+τ− and B+ → K+τ+τ− are also predicted to deviate from
their SM values by a factor similar to RK – measuring these observables in the future will
also be of great importance to assess the validity of these scenarios.
Finally, we have discussed how, in the lepton sector, the flavor structure of these
theories is most constrained by the decays τ− → e−µµ, τ → 3µ, and µ → 3e. Current
experimental upper bounds on these three decays impose non-trivial constraints on lepton
flavor violating couplings, and imply that leptonic and semi-leptonic B meson decays of
the form B0s → l±l
′∓ and B+ → K+l±l′∓ (with l′ 6= l) are predicted to be several orders
of magnitude below current experimental limits.
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A B0s −B0s Oscillations
Oscillation phenomena in the B0s −B0s meson system is well described by the off-diagonal
elements of the mass matrix M s12 and the decay matrix Γ
s
12, and the relative phase between
both φs = arg(−M s12/Γs12). The meaningful physical observables to be defined from these
three quantities are the mass difference between mass-eigenstates ∆Ms, the decay rate
difference ∆Γs, and the CP asymmetry a
s
sl. These are given by
∆Ms = 2|M s12| , ∆Γs = 2|Γs12| cosφs , assl =
∣∣∣∣ Γs12M s12
∣∣∣∣ sinφs . (A.1)
On the other hand, the set of effective operators relevant for the description of B0s−B0s
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mixing are
Os1 = (biLγµsiL)(bjLγµsjL) O′s1 = Os1(L↔ R)
Os2 = (biRsiL)(bjRsjL) O′s2 = Os2(L↔ R)
Os3 = (biRsjL)(b
j
Rs
i
L) O′s3 = Os3(L↔ R)
Os4 = (biLsiR)(bjRsjL) Os5 = (b
i
Ls
j
R)(b
j
Rs
i
L) ,
(A.2)
and non-zero contributions to their Wilson coefficients arise in natural Scherk-Schwarz
theories after integrating out the KK-modes of the neutral gauge bosons (Z, photon, and
gluons, with the latter providing the dominant effect). These NP contributions read, at
scale 1/R:
Cs1,NP '
pi2
6
1
(1/R)2
(BdL32)
2
(
1
3
g2s +
e2
9
+
g2
c2W
(αdL)
2
)
C ′s1,NP '
pi2
6
1
(1/R)2
(BdR32)
2
(
1
3
g2s +
e2
9
+
g2
c2W
(αdR)
2
)
Cs2,NP = C
′s
2,NP = 0
Cs3,NP = C
′s
3,NP = 0
Cs4,NP '
pi2
6
1
(1/R)2
(BdL32B
d
R32)(−2g2s)
Cs5,NP '
pi2
6
1
(1/R)2
(BdL32B
d
R32)
(
2
3
g2s −
4e2
9
− 4g
2
c2W
αdLα
d
R
)
.
(A.3)
The off-diagonal matrix element M s12 is then given by
M s12 =
1
2mBs
〈B0s|Heff |B0s 〉
∗
, (A.4)
where
〈B0s|Heff |B0s 〉 =
∑
i
Csi (µb)〈B0s|Osi (µb)|B0s 〉 . (A.5)
Here, 〈B0s|Osi (µb)|B0s 〉 refers to the matrix elements of the effective operators (evaluated
in the lattice at scale µb = 4.6 GeV), and C
s
i (µb) are the values of the Wilson coefficients
once they have been RG-evolved down to scale µb. The hadronic matrix elements can be
written as
〈B0s|Os1(µb)|B0s 〉 = 〈B0s|O′s1 (µb)|B0s 〉 =
2
3
m2Bsf
2
BsB
s
1(µb)
〈B0s|Os4(µb)|B0s 〉 =
1
2
{
mBs
mb(µb) +ms(µb)
}2
m2Bsf
2
BsB
s
4(µb)
〈B0s|Os5(µb)|B0s 〉 =
1
6
{
mBs
mb(µb) +ms(µb)
}2
m2Bsf
2
BsB
s
5(µb) ,
(A.6)
and we take mBs = 5.367 GeV [63], fBs = 0.235 GeV [67], and B
s
1 = 0.85, B
s
4 = 1.10,
Bs5 = 2.02 [68]. We evolve the Wilson coefficients at scale 1/R down to scale µb using the
appropriate RG evolution equations [69], and note that RG evolution does not generate a
non-zero contribution to C
(′)s
2,NP or C
(′)s
3,NP.
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Finally, we find it is convenient to write M s12 and Γ
s
12 as follows:
M s12 ≡M s12,SM|rs|ei∆φs and Γs12 ≡ Γs12,SM|r′s|ei∆φ
′
s , (A.7)
so that |r(′)s | and ∆φ(
′)
s parametrize the effect of NP on the magnitude and phase of M s12
(Γs12) compared to their SM values. This allows for the observables in Eq.(A.1) to be
conveniently written as
∆Ms
∆Ms,SM
= |rs| , ∆Γs
∆Γs,SM
= |r′s|
cosφs
cosφs,SM
,
assl
assl,SM
=
|r′s|
|rs|
sinφs
sinφs,SM
, (A.8)
where φs = φs,SM+∆φs−∆φ′s, and notice that it may be written as φs = tan−1(assl∆Ms/∆Γs).
In the kind of scenarios considered in this work, no extra contributions to Γ12 arise, and
so |r′s| = 1 and ∆φ′s = 0. On the other hand, non-zero |BdL32| and δ (remember our
parametrization of BdL32 in Eq.(3.5)) lead to |rs| 6= 1 and ∆φs 6= 0, which may be conve-
niently written as
|rs| =
√
1 + 2s cos 2δ + 2s , (A.9)
cos ∆φs =
1 + s cos 2δ
|rs| and sin ∆φs = −
s sin 2δ
|rs| (A.10)
where
s ≡
|M s12,NP|
|M s12,SM|
=
∆Ms,NP
∆Ms,SM
. (A.11)
Then, computing ∆Ms,NP as described in this section, and taking into account the
experimental measurements and SM predictions of B0s −B0s oscillation observables summa-
rized in Table 1, we can extract constraints on the size of |BdL32| and δ, as shown in Fig. 2.
Experimental measurement SM prediction
∆Ms 17.757± 0.021 ps−1 [70] (18.3± 2.7) ps−1 [71]
∆Γs 0.081± 0.006 ps−1 [70] (0.085± 0.015) ps−1 [71]
assl (17± 30) · 10−4 [72] (0.222± 0.027) · 10−4 [71]
φs [−0.30, 0.84] 0.0048± 0.0012
Table 1. Experimental measurement and SM prediction for the three observables relevant to
oscillation phenomena in the B0s sector: ∆Ms, ∆Γs, and a
s
sl. The last line features the experimental
constraint on and SM prediction of φs, obtained through the relation φs = tan
−1(assl∆Ms/∆Γs)
from the other quantities quoted in the table.
B (Semi-)Leptonic B Decays
B0s leptonic decays
The relevant set of effective operators for the study of the decays B0s → l−l′+ (allowing for
l′ 6= l) are O(′)9 and O(
′)
10 in Eq.(3.1), generalized to include different lepton flavors, i.e.
Oll′9 = (bγνPLs)(lγν l′) O′ll
′
9 = (bγ
νPRs)(lγν l
′)
Oll′10 = (bγνPLs)(lγνγ5l′) O′ll
′
10 = (bγ
νPRs)(lγνγ
5l′)
(B.1)
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In the lepton flavor preserving case only Oll10 and O′ll10 are relevant, and the ratio of
the prediction for B(B0s → l−l+) to its SM value can be written as
Rsll ≡
B(Bs → l+l−)
B(Bs → l+l−)SM =
|C10,SM + C ll10,NP − C ′ll10,NP|2
|C10,SM|2 , (B.2)
where the NP Wilson coefficients are those of Eq.(3.3), in general
C ll10,NP ' −
8pi4
3
v2
(1/R)2
BdL32
V ∗tbVts
(−SLLBeLll + SLRBeRll)
C
′ll
10,NP ' −
8pi4
3
v2
(1/R)2
BdR32
V ∗tbVts
(−SRLBeLll + SRRBeRll) ,
(B.3)
with BeJee = B
e
J11, etc.
In Table 2, we summarize the current measurements and upper bounds for B0s → l+l−
decays, together with their SM predictions. Of particular interest is B0s → µ+µ−, the
only leptonic decay for which an actual measurement exists. The SM prediction for this
branching fraction is B(Bs → µ+µ−)SM = (3.65 ± 0.23) · 10−9 [61], and the experimental
measurement B(Bs → µ+µ−) = 2.8+0.7−0.6 · 10−9 [73], leading to a ratio Rsµµ = 0.77+0.20−0.17.
Although the uncertainty in this ratio is somewhat large, values smaller than unity seem
to be preferred.
On the other hand, in the lepton flavor violating case, all four operators in Eq.(B.1)
are relevant, and the branching fraction for the decay B0s → l∓l′± can be written as
B(B0s → l∓l′±) = 2
Γ(B0s → l−l′+)
ΓBs
, (B.4)
where
Γ(B0s → l−l′+) '
α2|V ∗tbVts|2
64pi3v4
f2Bs
m2Bs −m2l
mBs
×
(EqEq′ − E2q +m2l )
{
|C ll′9,NP − C ′ll
′
9,NP|2 + |C ll
′
10,NP − C ′ll
′
10,NP|2
}
,
(B.5)
with Eq = (m
2
Bs
+m2l )/(2mBs), Eq′ =
√
E2q −m2l , and this expression is valid for ml  ml′ .
We take mBs = 5.367 GeV [63], fBs = 0.235 GeV [67], and Γ
−1
Bs
= 1.505 ps [70]. The
relevant Wilson coefficients are those of Eq.(3.3) after allowing for l′ 6= l (with BeJτµ = BeJ32,
etc.). The only process of this kind with a reported upper bound is the B0s → µ±e∓ decay,
as shown in Table 2.
B+ semi-leptonic decays
The relevant set of effective operators relevant for the study ofB+ → K+l−l′+ decays in this
context are the same as those in Eq.(B.1). As mentioned in Sec. 3.1, a good approximation
for the branching fraction of the lepton flavor preserving decay B+ → K+l+l− is
B(B+ → K+l+l−) ' B(B+ → K+l+l−)SM ×
|C9,SM + C ll9,NP + C
′ll
9,NP|2 + |C10,SM + C ll10,NP + C
′ll
10,NP|2
|C9,SM|2 + |C10,SM|2 .
(B.6)
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Experimental measurement SM prediction
B(B0s → e+e−) < 2.8 · 10−7 [63] (8.54± 0.55) · 10−14 [61]
B(B0s → µ+µ−) 2.8+0.7−0.6 · 10−9 [73] (3.65± 0.23) · 10−9 [61]
B(B0s → τ+τ−) < 3.0 · 10−3 [59] (7.73± 0.49) · 10−7 [61]
B(B0s → τ±µ∓) no bound reported
B(B0s → τ±e∓) no bound reported
B(B0s → µ±e∓) < 1.4 · 10−8 [74]
Table 2. Experimental measurement (or upper bounds) for the branching fractions of different
leptonic decays channels of the B0s meson, together with their predictions in the SM. The only
measured branching fraction is that corresponding to the decay Bs → µ+µ−, which falls bellow the
SM value. SM predictions for lepton flavor violating decays are negligible.
Regarding the flavor violating decay B+ → K+l∓l′±, its branching ratio can be ap-
proximated as
B(B+ → K+l∓l′±) ' 2 B(B+ → K+l+l−)SM ×
|C ll′9,NP + C
′ll′
9,NP|2 + |C ll
′
10,NP + C
′ll′
10,NP|2
|C9,SM|2 + |C10,SM|2 ,
(B.7)
an expression that is approximately true in the case where ml′ ≈ ml, which is clearly not
the case for l = τ and l′ = e, µ. Taking into account the actual masses of the final leptons
will only make an O(1) difference to the final result – this would not affect our conclusions,
since the maximum possible values predicted for these branching fractions are well below
currents experimental upper bounds, as discussed in Sec. 4.
Table 3 shows all measurements (or upper bounds) and SM predictions for this type
of semileptonic decays.
Experimental measurement SM prediction
B(B+ → K+e+e−) (*) 1.56+0.19 +0.06−0.15 −0.04) · 10−7[1] 1.75+0.60−0.29 · 10−7[4]
B(B+ → K+µ+µ−) (*) 1.19± 0.03± 0.06) · 10−7[3] 1.75+0.60−0.29 · 10−7[4]
B(B+ → K+τ+τ−) < 2.25 · 10−3[60] (1− 2) · 10−7[62, 75]
B(B+ → K+τ±µ∓) < 4.8 · 10−5 [63]
B(B+ → K+τ±e∓) < 3.0 · 10−5 [63]
B(B+ → K+µ±e∓) < 9.1 · 10−8 [63]
Table 3. Experimental measurement (or upper bounds) for the branching fractions of different
semi-leptonic decay channels of the B+ meson, together with their predictions in the SM. (*):
measurement and theoretical prediction in the dilepton invariant mass region 1 < q2/GeV2 < 6.
SM predictions for lepton flavor violating decays are negligible.
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C Lepton Decays
The set of effective operators relevant for the description of leptonic decays of the form
l−1 → l−2 l+l− are
Ol1l2VV = (l2γµl1)(lγµl) Ol1l2AA = (l2γµγ5l1)(lγµγ5l)
Ol1l2VA = (l2γµl1)(lγµγ5l) Ol1l2AV = (l2γµγ5l1)(lγµl)
(C.1)
In the context of natural Scherk-Schwarz models as those described in Sec. 2, the
branching fractions for the decays µ→ 3e, τ → 3µ, and τ− → e−µµ are given by
B(µ→ 3e) ' Γ(µ→ 3e)
Γ(µ→ eνµνe)
'
(
pi2
6
)2
v4
(1/R)4
×
(2ALL|BeL11BeL12|2 + 2ARR|BeR11BeR12|2 +ALR|BeL11BeR12|2 +ARL|BeR11BeL12|2) ,
(C.2)
B(τ → 3µ) ' 1
Γτ
m5τ
273pi3
(
pi2
6
)2
1
(1/R)4
×
(2ALL|BeL22BeL23|2 + 2ARR|BeR22BeR23|2 +ALR|BeL22BeR23|2 +ARL|BeR22BeL23|2) ,
(C.3)
and
B(τ → eµµ) ' 1
Γτ
m5τ
283pi3
(
pi2
6
)2
1
(1/R)4
×
(ALL|BeL22BeL13|2 +ARR|BeR22BeR13|2 +ALR|BeL22BeR13|2 +ARL|BeR22BeL13|2) ,
(C.4)
whereALL = (g
2/ cos2 θw)α
e
L
2+(eQe)
2, ARR = (g
2/ cos2 θw)α
e
R
2+(eQe)
2, ALR = (g
2/ cos2 θw)α
e
Lα
e
R+
(eQe)
2, and ARL = ALR. We have used mτ = 1.78 GeV, Γτ = 290.3 · 10−15 [63].
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